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(54) Hip implant assembly 

(57) An implant and method for replacement of the 
proximal portion of a femur, and specifically for replace- 
ment of the natural femoral head is provided. The im- 
plant includes a body member for insertion, in use, 
through the natural femoral neck and in substantial 
alignment therewith; a head member with a spherical 
portion for engagement with a natural or a prosthetic hip 
socket; a joining portion for joining the head member to 
the body member; and a rod for insertion, in use, through 



the transverse passage of the body member. The rod is 
designed such that it has a cross-sectional configuration 
that contacts the cortical surfaces in the bone and inhib- 
its micro-motion within the bone. In addition, the trans- 
verse passage of the body member is configured to 
complement the configuration of the rod such that the 
need for stabilizing screws toward the distal end of the 
rod is eliminated when the implant is assembled within 
the patient. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The subject invention relates to femoral im- 
plants, and, more particularly, to a modular proximal 
femoral implant for replacing a femoral head and a 
method of implanting the same. 

Description of the Invention Background 

[0002] Hip replacements are common. A person's hip 
joint may need to be replaced due to degeneration from 
severe trauma, such as an automobile accident, or from 
a plurality of etiologies, such as arthritis or disease. If 
the degeneration is severe, it may be necessary to re- 
place the natural hip joint with a prosthetic hip. The fem- 
oral components of the hip joint are then replaced in 
whole or in part with a hip prosthesis. While hip implants 
are generally successful, they usually have to be re- 
placed every few years because of the stress caused 
by the prosthesis. 

[0003] A widely used design for replacement of the 
proximal portion of a femur employs an elongate, often 
curved, shaft that extends into the medullary canal of 
the femur. This design has the tendency to place unnat- 
ural stresses on the femur which lead to pain and the 
consequent curtailment of activity for the patient. The 
useful life of an intramedullary implant is often less than 
the expected life span of a young patient. 
[0004] Previously known prostheses for replacing a 
femoral head that do not extend into the medullary canal 
have been mechanically complex or have proven trou- 
blesome in actual use. Huggler, U.S. Patent No. 
4,129,903 and Grimes, U.S. Patent No. 4,795,473 are 
examples of prosthetic implants having a side piate at- 
tached to the exterior lateral side of the femur opposite 
the femoral head. Screws are used to secure the plate 
to the femur and one or more holes are drilled into the 
femur for securing the plate to the bone. The additional 
holes and the stresses at the site of fixation are believed 
to cause trauma to the bone. 

[0005] Masini, U.S. Patent No. 5,571 ,203 discloses a 
device having a shaft that extends through a resected 
portion of the proximal femur, positioned co-axially rel- 
ative to the longitudinal axis of the femur. The device is 
secured by a screw or similar locking device that ex- 
tends into the femur from the lateral side, just below the 
greater trochanter. It is believed that the natural forces 
applied to the prosthesis during normal hip motion result 
in the application of shear forces to the greater trochant- 
er. The shear forces can be harmful to the greater tro- 
chanter and can permit micro-movement of the prosthe- 
sis on the unsecured side. 

[0006] A conventional method for implanting the 
above types of femoral head implants is described in 



Campbell's Operative Orthopaedics, (Mosby, 7th ed., 
1987) and typically includes making a large incision in 
the patient's lateral side at the hip joint and through the 
skin and muscle, dislocating the hip and then sawing off 

5 the femoral head. This method is considered invasive 
because of the need to dislocate the hip and cut through 
muscle surrounding the hip joint. Invasive procedures 
increase the trauma to the patient, the potential for com- 
plications, recovery time and the cost. 

w [0007] Replacement of the proximal portion of the fe- 
mur is sometimes necessary due to degenerative bone 
disorders or trauma to otherwise healthy bone caused 
by accidental injury. In the latter instance it is desirable 
to replace the traumatized portion of the bone without 

15 causing further trauma to healthy bone. There is a need, 
therefore, for an implant that replaces a traumatized por- 
tion of the femur, but also significantly minimizes stress 
to the remaining healthy bone and that can be implanted 
by a method that is not invasive. 

20 

SUMMARY OF THE INVENTION 

[0008] The present invention provides a proximal 
femoral replacement implant that both reduces trauma 
25 to the femur and the time required to perform the im- 
plantation. The design of the implant of the present in- 
vention transfers forces to the femur in a natural way 
and minimizes micro-motion. 

[0009] The implant of the present invention includes 
30 a body member having a longitudinal axis, a distal end 
and a proximal end. The body member is configured 
such that it is positioned in the natural femoral neck with 
passage of the distal end through the medial side of the 
femur, or through a reamer hole in the lateral side of the 
35 femur. The implant also includes a head member having 
a distal end and a proximal spherical portion configured 
for positioning in a natural or prosthetic hip socket, and 
a joining portion for joining the distal end of the head 
member to the proximal end of the body member. Fur- 
40 thermore, the implant includes a rod having a longitudi- 
nal axis, a distal end and a proximal end. The rod is con- 
figured such that it is positioned in the medullary (fem- 
oral) canal of the femur with passage through the body 
member in a direction transverse to the longitudinal axis 
45 of the body member. 

[001 0] According to one aspect of this invention there 
is provided an implant for replacing the proximal portion 
of a femur having a substantially intact natural femoral 
neck, medial side, lateral side, greater trochanter and 
50 lesser trochanter, the implant comprising a body mem- 
ber having a longitudinal axis, a distal end and a proxi- 
mal end and being configured for positioning, in use, in 
the natural femoral neck, wherein the body member has 
a transverse passage through at least a portion of the 
55 distal end in a direction transverse to the longitudinal 
axis of the body member, a head member having a distal 
end and a proximal spherical portion configured for po- 
sitioning in a natural pr prosthetic hip socket, a joining 
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portion positioned between the distal end of the head 
member and the proximal end of the body member, and 
a rod having a longitudinal axis, a proximal end and a 
distal end and being configured for positioning, in use, 
through the transverse passage of the body member 5 
[001 1 ] Preferably the body member is configured for 
positioning, in use, in the natural femoral neck without 
passage of the distal end through the lateral side of the 
femur. 

[0012] Conveniently the body member and the head 
member are integrally attached at the joining portion. 
[001 3] Preferably the joining portion extends outward- 
ly from the body member at an acute angle relative to 
the longitudinal axis of the body member. 
[0014] Conveniently the joining portion extends out- 
wardly from the body member in substantial coaxial 
alignment relative to the longitudinal axis of the body 
member. 

[0015] Advantageously the body member and the 
head member are separable modular components. 
[0016] The implant may further comprise a collar po- 
sitioned at the proximal end of the body member and 
configured for abutting contact, in use, with a proximal 
surface of the resected femoral neck. 
[0017] Preferably the joining portion comprises a first 
engagement portion and a second engagement portion, 
said engagement portions being configured for comple- 
mentary engagement with each other. 
[001 8] Conveniently the first engagement portion is a 
recess for receiving the second engagement portion 
and the second engagement portion comprises a pro- 
trusion configured for insertion into the recess. 
[0019] In one embodiment the protrusion has an axis 
which, in use, is at an acute angle relative to the longi- 
tudinal axis of the body member. 
[0020] In another embodiment the protrusion has an 
axis which, in use, is in substantial coaxial alignment to 
the longitudinal axis of the body member. 
[0021 ] In a further embodiment the protrusion extends 
from the distal end of the head member and the recess 
is within the proximal end of the body member. 
[0022] In another embodiment the recess is within the 
distal end of the head member and the protrusion ex- 
tends from the proximal end of the body member. 
[0023] The implant may further comprise a sleeve for 
altering the position of a spherical portion of the head 
member relative to the body member. 
[0024] Conveniently the sleeve is longer than the pro- 
trusion for extending the distance between the spherical 
portion and the body member. 
[0025] Preferably the sleeve has an inner surface and 
an outer surface and is mountable, in use, such that the 
inner surface slides over the protrusion and the. outer 
surface is received within the recess. 
[0026] Advantageously the sleeve defines a wall be- 
tween the inner surface and the outer surface, the wall 
having non-uniform, gradual thickness changes such 
that, in use, the central axis of the sleeve is at an acute 



angle relative to the longitudinal axis of the body mem- 
ber. 

[0027] The implant may further comprise a first sur- 
face coating on at least a portion of the body member 
for promoting bone ingrowth into the coating following 
implantation. 

[0028] The implant may additionally comprise a sec- 
ond surface coating on at least a portion of the first sur- 
face coating. 

[0029] The implant may further comprise a first sur- 
face coating on at least a portion of the rod for promoting 
bone ingrowth into the coating following implantation. 
[0030] Preferably the implant further comprises a sec- 
ond surface coating on at least a portion of the first sur- 
face coating. The body member may be configured in 
cross-section to inhibit rotational motion of the body 
member following implantation. 
[0031] The body member may be triangular in cross- 
section or fluted in cross-section, or scalloped in cross- 
section or circular in cross-section. 
[0032] Preferably the distal end of the body member 
is closed. 

[0033] Conveniently the rod, in use, extends in sub- 
stantially coaxial alignment relative to the longitudinal 
axis of the femur. 

[0034] Preferably the rod and the body member are 
slidably and lockingly engaged. 
[0035] Advantageously the locking engagement is a 
taper lock, 

[0036] Preferably the rod is a dual wedge in cross- 
section, wherein the dual wedge gradually tapers from 
the proximal end to the distal end, and wherein the trans- 
verse passage is configured to complement said dual 
wedge. 

[0037] Conveniently the implant further comprises a 
locking passage through at least a portion of the body 
member in a direction substantially coaxial to the longi- 
tudinal axis of the body member. 
[0038] Advantageously the implant further comprises 
a locking screw for passage into the locking passage. 
[0039] According to another aspect of this invention 
there is provided an implant for replacing the proximal 
portion of a femur having a substantially intact natural 
femoral neck, medial side, lateral side, greater trochant- 
er and lesser trochanter, the implant comprising a plu- 
rality of modular components of varying sizes within an- 
atomical ranges for accommodating varying patient 
body dimensions, the components comprising a body 
member having a longitudinal axis, a distal end having 
a transverse passage in a direction transverse to the 
longitudinal axis of the body member and a locking pas- 
sage in a direction substantially coaxial to the longitudi- 
nal axis of the body member, a proximal end having an 
engagement surface thereon, the body member being 
coated on at least a portion thereof with at least one lay- 
er of a material for promoting bone ingrowth and being 
configured for positioning, in use, in the natural femoral 
neck, a head member having a distal end and a proximal 



15 



20 



25 



30 



35 



40 



45 



50 



5 



EP 1 240 879 A2 



6 



spherical portion configured for positioning in a natural 
or prosthetic hip socket, the distal end of the head mem- 
ber having an engagement surface configured for com- 
plementary engagement with the engagement surface 
of the proximal end of the body member for joining the 5 
distal end of the head member to the proximal end of 
the body member, an optional member for optionally al- 
tering the position of the spherical portion of the head 
member relative the body member, and a rod having a 
proximal end and a distal end, wherein the rod extends 
through the transverse passage of the body member 
and is in substantially coaxial alignment relative to the 
longitudinal axis of the femur. 
[0040] Preferably the engagement surface of the dis- 
tal end of the head member is a recess and the engage- 
ment surface of the proximal end of the body member 
is a protrusion configured for insertion into the recess. 
[0041 ] Conveniently the protrusion has an axis which, 
when in engagement with the recess, is at an acute an- 
gle relative to the longitudinal axis of the body member. 
[0042] Preferably the protrusion has an axis which, 
when in engagement with the recess, is in substantial 
coaxial alignment to the longitudinal axis of the body 
member. 

[0043] Advantageously the optional member for op- 
tionally altering the position of the spherical portion of 
the head member relative to the body member is a 
sleeve having an inner surface and an outer surface and 
being mountable, in use, such that the inner surface 
slides over the protrusion and the outer surface is re- 
ceived within the recess. 

[0044] Conveniently the sleeve is longer than the pro- 
trusion for extending the distance between the spherical 
member and the body member. 
[0045] Advantageously the sleeve defines a wall be- 
tween the inner surface and the outer surface, the wall 
having non-uniform, gradual thickness changes such 
that, in use, the central axis of the sleeve is at an acute 
angle relative to the longitudinal axis of the body mem- 
ber. 

[0046] Preferably the engagement surface of the dis- 
tal end of the head member is a protrusion and the en- 
gagement surface of the proximal end of the body mem- 
ber is a recess configured for receiving the protrusion. 
[0047] Conveniently the protrusion has an axis which, 
when in engagement with the recess, is at an acute an- 
gle relative to the longitudinal axis of the body member. 
[0048] Preferably the protrusion has an axis which, 
when in engagement with the recess, is in substantial 
coaxial alignment to the longitudinal axis of the body 
member. 

[0049] Advantageously the rod is a dual wedge in 
cross-section, wherein the dual wedge gradually tapes 
from the proximal end to the distal end, and wherein the 
first passage is configured to complement said dual 
wedge. 

[0050] The implant may also include a collar posi- 
tioned at the proximal end of the body member and con- 



figured for abutting contact, in use, with a proximal sur- 
face of the resected femoral neck, when the implant is 
inserted medially. 

[0051] The body member is preferably configured in 
cross-section to inhibit rotational motion following im- 
plantation. The body member may be triangular, fluted 
or scalloped in cross-section. Alternatively, the body 
member may be circular in cross-section. 
[0052] The body member and the head member may 
be integrally attached at the joining portion, but may al- 
so, and preferably, form modular components for com- 
plementary engagement with each other through joining 
portions. The joining portion preferably includes a first 
engagement portion and a second engagement portion, 
the first and second engagement portions being config- 
ured for complementary engagement with each other. 
The joining portion may extend outwardly from the body 
member at an acute angle relative to the longitudinal ax- 
is of the body member to provide anteversion. Alterna- 
tively, the joining portion may extend outwardly from the 
body member in substantial coaxial alignment with the 
longitudinal axis of the body member. The first engage- 
ment portion may be a recess formed either in the body 
member or the head member for receiving the second 
engagement portion and the second engagement por- 
tion may be a protrusion formed respectively, in the head 
member or the body member for insertion into the re- 
cess. 

[0053] The modular embodiment of the implant of the 
present invention also preferably includes an optional 
member, preferably a sleeve, for altering the position of 
the spherical portion of the head member relative to the 
body member. The sleeve has an inner surface and an 
outer surface and defines a wall therebetween. It is 
mountable such that, in use, the inner surface slides 
over the protrusion and the outer surface is received 
within the recess. The sleeve may be longer in length 
than the protrusion of the joining portion for extending 
the distance between the spherical member and the 
body member. Additional sleeves may be provided 
wherein the wall has non-uniform, gradual thickness 
changes such that, in use, the central axis of the sleeve 
relative to the outer surface of the sleeve is at an acute 
angle to permit positioning of the head member at an 
angle relative to the longitudinal axis of the body mem- 
ber when needed. 

[0054] The present invention further provides a meth- 
od for implanting the proximal femoral replacement im- 
plant of the present invention using a reamer or burr 
which includes rotating the reamer into engagement 
with the lateral side of the femur and along the axis of 
the femoral neck to form a passage therethrough, 
morselizing the natural femoral head with the reamer or 
burr while keeping the natural femoral neck substantially 
intact, inserting the body member of the femoral re- 
placement implant into the passage from the lateral side 
of the femur, forming another passage from the proximal 
end of the femur and into the medullary canal of the fe- 
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mur, and inserting a rod of the proximal femoral replace- 
ment implant from the proximal end of the femur through 
the body member and into the medullary canal of the 
femur. 

[0055] Other details, objects and advantages of the 
present invention will become apparent with the follow- 
ing description of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0056] For the purpose of illustrating the preferred 
embodiments and methods of implantation of the prox- 
imal femoral replacement implant of the present inven- 
tion and not for limiting the same, reference is made to 
the drawings in which: 

FIG. 1 is a cross-sectional view of an embodiment 
of the proximal femoral replacement implant of the 
present invention shown as implanted in a femur; 
FIGS. 2a, b and c represent an exploded cross-sec- 
tional view of several components of the modular 
embodiment of the implant of the present invention; 
FIGS. 3a and b are cross-sectional views of two em- 
bodiments of the implant of the present invention 
illustrating an anteverted member for mounting the 
femoral head member and one or more holes to ac- 
cept one or more rods; 

FIGS. 4a - e illustrate cross-sectional views through 
line l-l of FIG. 3(a) of the alternative embodiments 
of the shaft portion of the implant; 
FIG. 5 is a view of an alternative embodiment of the 
body and head members of the implant of the 
present invention showing the mounting member as 
part of the head member; 

FIGS. 6a and b illustrate two alternative modular 
head members, an anteverted head member and 
an enlarged head member; 
FIGS. 7a - c are cross-sectional views of embodi- 
ments of the present invention, wherein the body 
member and the head member form a unitary im- 
plant; 

FIG. 8 is a cross-sectional view of an alternative em- 
bodiment of the proximal femoral implant of the 
present invention showing a sleeve member for in- 
troducing anteversion; 

FIG. 9 illustrates an embodiment of the implant as 
it is inserted in the femur; 

FIG. 10 illustrates an embodiment of the rod of the 
implant; 

FIG. 11 illustrates an embodiment of the implant; 
FIG. 12 illustrates an embodiment of the implant 
overlayed on a femur; 

FIG. 13a illustrates an alternative embodiment of 
the rod of the implant. FIG. 13b illustrates an alter- 
native embodiment of the body member of the im- 
plant. FIG. 13c is a cross-sectional view across 
lines A-A and B-B of an alternative embodiment of 
the rod of the implant. 



[0057] FIGS. 1 through 12 illustrate various embodi- 
ments of the proximal femoral replacement implant 10 
of the present invention. Referring to FIG. 1 , the modular 
embodiment of implant 10 is shown as it would appear 
after implantation in a femur 12. The natural femoral 
head, illustrated in hidden lines, has been removed, but 
the femoral neck 8 and the remainder of the femur 12 
remain intact. 

[0058] The modular embodiment of implant 10 in- 
cludes generally a body member 14, a head member 
16, an optional member, such as sleeve 18 (FIGS. 2 and 
8) for positioning the head member 16, and a rod 44. 
[0059] One embodiment of the body member 1 4 is a 
solid unitary structure having a symmetrical elongate 
shaft 30 with a tapered distal end 50, an engagement 
surface, preferably in the form of a mount or neck 26, 
and a collar 20. 

[0060] Referring to FIG. 1, the body member 14 is 
configured for insertion into the natural femoral neck 8 
such that the underside 32 of the collar 20 rests on the 
resected surface of remaining intact femoral neck 8 and 
the central longitudinal axis 6 of the shaft 30 is preferably 
generally in coaxial alignment with the central longitudi- 
nal axis of the femoral neck 8. Although some deviation 
from alignment with the neck axis can be tolerated and 
would in practice be determined by the surgeon in each 
case, the axis 6 of shaft 30 preferably extends along the 
axis of the femoral neck 8 into the extramedullar area 
4 in the portion of the femur 12 intermediate the greater 
and lesser trochanters, 2 and 5 respectively. The shaft 
30 does not extend into the medullary canal 34. The 
body member 1 4 of the implant 1 0 is designed to be po- 
sitioned in the proximal portion of the femur 1 2. The im- 
plant 1 0 of the present invention thereby avoids two sig- 
nificant causes of stress on the healthy bone of an im- 
plant patient. 

[0061] The collar 20 also aids in properly distributing 
the forces applied to the femur 12. The force of the pa- 
tient's weight is distributed by the collar 20 over the re- 
sected surface on which the collar 20 rests. The collar 
20 may be flat, angled or curved in configuration. The 
resected surface is preferably cut to match the configu- 



FIGS. 14-18 illustrate schematically the procedure 
for removal of the femoral head and the implanta- 
tion of the proximal femoral implant of the present 
invention; 

s FIG. 19 is an exploded view of a canal alignment 
fixture and drill bit as it would be fitted to the body 
member to form a transverse passage. 
FIG. 20 illustrates a distal drilling alignment fixture 
and drill bit as it would be fitted to the rod to form a 

10 stabilizing passage. 

FIGS. 21 and 22 illustrate an alternative method for 
implanting the body member of the proximal femo- 
ral implant of the present invention. 

15 DETAILED DESCRIPTION OF THE INVENTION 
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ration of the collar 20 so that the collar 20 contacts sub- 
stantially all of the resected surface of the femur 12. Al- 
ternatively, there may be no collar 20. An embodiment 
of the body member 14 having no collar 20 is shown in 
FIG. 2b. 

[0062] The shaft 30 may be made in a variety of cross- 
sectional configurations. Referring to FIGS. 4a - e, ex- 
amples include circular 34 (FIG. 4a), circular with beads 
or another bone ingrowth enhancing surface (FIG. 4b), 
triangular 36 to complement the cross-sectional shape 
of the natural femoral neck 8 (FIG. 4c), scalloped 38 
(FIG. 4d), and fluted 40 (FIG. 4e). Those skilled in the 
art will appreciate that a number of cross-sectional con- 
figurations may be employed. The triangular 36, scal- 
loped 38 and fluted 40 cross-sectional configurations re- 
strict rotational movement of the shaft 30 after implan- 
tation until bone ingrowth progresses enough to secure 
the implant 10 in position. 

[0063] The implant 10 also includes a rod 44. Refer- 
ring to FIG. 1 , the rod 44 comprises a longitudinal axis 
45, a proximal end and a distal end. The rod 44 is con- 
figured for insertion from the proximal end 42 of the fe- 
mur 12, through the shaft 30 of the body member 14, 
thus forming a transverse passage 43 through the shaft 
30, and into the medullary canal 34 of the femur 1 2 such 
that the central longitudinal axis 45 of the rod 44 is pref- 
erably generally in coaxial alignment with the central 
longitudinal axis of the medullary canal 34 of the femur 
12. Although some deviation from alignment with the 
medullary canal 34 can be tolerated and would in prac- 
tice be determined by the surgeon in each case, the lon- 
gitudinal axis 6 of the body member 14 and the longitu- 
dinal axis 45 of the rod 44 should form approximately a 
130° angle. 

[0064] The rod 44 can have any cross-sectional con- 
figuration. Referring to FIGS. 9 & 1 0, the rod 44 may be 
circular in cross-section, having a cone shaped taper at 
its proximal end. The cone shaped taper, preferably a 
12/14 taper, enables the body member 14 and the rod 
44 to form a taper lock. The taper lock prevents rotation 
of the rod 44 within the femur 12. Although a taper lock 
is the preferred means to prevent rotation of the rod 44 
within the femur 1 2, any means to prevent rotation within 
the femur 12 will suffice. Preferably, the rod 44 has a 
cross-sectional configuration of a tapered wedge, and 
as shown in FIG. 1 3, a dual tapered or elongated dia- 
mond shaped wedge. The dual tapered wedge prefera- 
bly tapers gradually from the proximal end to the distal 
end of the rod 44 and ends in a flat or pointed tip. 
[0065] In the embodiment shown in FIG. 1 , at least a 
portion of the surface of shaft 30, the underside 32 of 
the collar 20, and the rod 44 may have a porous coating 
22 to promote bone ingrowth. A most preferred surface 
coating is made of at least one layer of sintered beads, 
preferably titanium, cobalt or some other bio-compatible 
material. Other suitable coating materials may be used, 
such as hypoxy or hydroxy appetite. A second layer of 
coating 24, for example, over the portion of shaft 30 ad- 



jacent collar 20 provides additional surface area for 
bone ingrowth. See FIG. 2a. Multiple layers of beads 
further inhibit rotation and minimize micro-motion of the 
implant 10 in the femur 12. 

5 [0066] Micro-motion is harmful because it wears the 
inner surface of the bone where it contacts the implant 
10, loosening the implant 1 0 and thereby increasing the 
potential for the prosthesis to rotate in the femur 12 or 
lift out of the femur 1 2. For example, two layers of beads 

10 22 and 24 or other coating material may be positioned 
on the proximal portion of the shaft 30 where the risk of 
wear on the femur 1 2 has been observed to be the great- 
est. Bone ingrowth can also be enhanced by varying the 
size of the beads to create different pore sizes. As an 

15 alternative to metal beads, the coating may be a plasma 
sprayed coating or the surface of implant 10 may be 
roughened by any suitable known grit blasting process. 
[0067] The body member 1 4 is preferably from about 
50 mm to 120 mm in length and from about 12 mm to 

20 30 mm in diameter. For adult female patients, the natural 
femoral neck 8 varies in diameter from about 14 mm to 
22 mm. For adult male patients, the natural femoral neck 
8 varies from about 16 mm to 34 mm in diameter. The 
length and diameter of the shaft 30 of body member 14 

25 will necessarily be less than the diameter of the proximal 
femur 12 and the natural femoral neck 8 in which the 
implant 10 is positioned. 

[0068] The rod 44 is preferably from about 5.75 inches 
in length and from about 0.375 inches in diameter. How- 

30 ever, the rod 44 can be made in various lengths and di- 
ameters to accommodate most, if not all, male and fe- 
male patients. The length and diameter of the rod 44 will 
be less than the length and diameter of the shaft of the 
femur 12 in which the implant 10 is positioned. 

35 [0069] The variations in sizes of the implant 1 0 will fall 
within the anatomical ranges and constraints of the pa- 
tient population. In order to accommodate patient differ- 
ences, the various modular components of the implant 
10 of the present invention can be made in a variety of 

40 sizes that are interchangeable with other components. 
In certain circumstances, the implant 10 may be suited 
for implantation in children. 

[0070] The body member 1 4 also includes an engage- 
ment surface at its proximal end adapted for comple- 

45 mentary engagement with an engagement surface on 
the distal end of the head member 1 6 for securely joining 
the two components together. A preferred surface that 
is provided is a protrusion, like that of mount 26, which 
is preferably tapered for sliding insertion into a comple- 

so mentary recess 28 in the head member 1 6 for securing 
the two components together. See FIG. 1 . Alternatively, 
the body member 1 4 may include a recess 52 for receiv- 
ing a protrusion, like that of mount 56 on head member 
16. See FIG. 5. 

55 [0071] The head member 16 includes a generally 
spherically shaped portion 60 and an engagement sur- 
face, such as recess 28 (FIGS. 2 and 3), for comple- 
mentary engagement with the engagement surface of 
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body member 1 4, such as mount 26. Alternatively, the 
engagement surface of the head member 16 may be 
mount 56 (FIGS. 5 and 6) which is inserted into the en- 
gagement surface of the body member 14, recess 52. 
In those embodiments of head member 16 having a 5 
mount 56, an annular portion 62 may be positioned be- 
tween the spherical portion 60 and mount 56. See FIGS. 
5 and 6a. The head member 16 extends from the body 
member 14 at a distance and angle above the collar 20 
suitable to permit the spherical portion 60 to mate with 
the patient's hip socket (not shown). The degree of ex- 
tension or angulation will match the anatomy of the par- 
ticular patient. Like the body member 1 4, the head mem- 
ber 1 6 can be made in a variety of sizes to accommodate 
patient needs. A head member 1 6 having an enlarged 
spherical portion 60 is shown in FIG. 2c and in FIG. 6b. 
[0072] Referring to FIG. 2c and FIG. 8, an optional 
member, such as sleeve 1 8 for positioning the spherical 
portion 60 of the head member 16 is shown. Sleeve 18 
slides over the mount 26 to increase the length or width 
of mount 26 (FIG. 2c), or to alter the angle at which the 
head member 1 6 extends from the body member 14, if 
anteversion is desired (FIG. 8). As shown in FIG. 8, 
sleeve 18 has an inner surface 90 and an outer surface 
92 defining a wall 96 therebetween. The wall 96 thick- 
ness can vary gradually to position the head member 
1 6 at an acute angle relative to the longitudinal axis 6 
of the body member 14. 

[0073] The head and body members, 16 and 14 re- 
spectively, of the embodiment of the implant 10 of the 
present invention, shown in FIGS. 1 and 2, are in axial 
alignment with each other. However, several embodi- 
ments of implant 10 are configured for providing an- 
teversion to permit the spherical portion 60 of head 
member 16 to mate with the patient's hip socket at an 
angle relative to the longitudinal axis of the shaft 30. Re- 
ferring to FIGS. 3a and 3b, the mount 26 may extend at 
an angle from the central axis of the shaft 30. When the 
head member 16 is positioned on the mount 26, the 
head member 1 6 will be angled relative to the longitudi- 
nal axis of the shaft 30. Referring to FIG. 6a, the em- 
bodiment of head member 16 having a mount 56 may 
be configured such that the central axes of the spherical 
portion 60 and the annular portion 62 form an acute an- 
gle relative to the axis of the mount 56 and the body 
member 1 4 when the components are joined. In yet an- 
other embodiment, the anteversion may be achieved by 
angulation of recess 28 in head member 16. 
[0074] Alternatively, body member 1 4, mount 26, and 
head member 16 may be formed as a unitary structure 
as shown in FIGS. 7a, 7b, and 7c having integrally at- 
tached portions joining the head and body members, 1 6 
and 14 respectively. Embodiments with and without a 
collar 20, a porous coating 22 and anteversion (FIG. 7a) 
are provided. 

[0075] Referring to FIGS. 9 & 1 0, the rod 44 may fur- 
ther comprise one or two stabilizing passages 46. Each 
stabilizing passage 46 is in a direction transverse to the 



longitudinal axis 45 of the rod 44 and may be located at 
any point along the longitudinal axis 45 of the rod 44, 
but is preferably located toward the distal end of the rod 
44. The stabilizing passage 46 enables a surgeon to in- 
sert a fastener, preferably a bone screw 70, from one 
side of the femur 12 and through the passage 46 to the 
other side of the femur 12, and preferably from the lat- 
eral side of the femur 1 2 and through the passage 46 to 
the medial side of the femur 12. The passages 46 and 
the bone screws 70 further stabilize the implant 1 0 within 
the femur 12. 

[0076] An alternative embodiment of the implant 1 0 is 
shown in FIG. 13. The rod 44 is a dual tapered wedge, 
the taper preferably being wider at the proximal end than 
at the distal end, as illustrated in FIG. 13a. The body 
member 1 4 in the alternative embodiment, as illustrated 
in FIGS. 13a and b, is similar to the body member 14 
described above, except that the transverse passage 43 
is shaped to accept and complementarily engage the 
rod 44. Preferably, and as shown in FIG. 13b, the trans- 
verse passage 43 is rectangular and has walls (shaded) 
such that the tapered wedge of the rod 44 can slidingly 
engage the body member 14. An advantage to the dual 
tapered wedge design is that it does not require a sta- 
bilizing passage 46 and fastener because, in use, the 
sharp surfaces of the rod 44 contact the cortical surfaces 
in the bone and eliminate the need for a fastener. Fur- 
thermore, the alternative embodiment of the rod 44 can 
include any one of the variations of body members 14 
described above. Although the dual (diamond shaped) 
taper is preferred, a triangular shape or any other mul- 
tiple sided taper that can engage the cortical surfaces 
in the femoral canal will suffice. By engaging the cortical 
surfaces, the need for passages 46 and bone screws 70 
through the femur is eliminated. In addition, the shape 
inhibits rotation of the rod 44 within body member 1 4. 
[0077] In addition, the implant 10 may further com- 
prise a locking fastener, preferably a locking screw 71 , 
and a locking passage 72. The locking passage 72 is 
located along the longitudinal axis 6 of the shaft 30 and 
is in at least a portion of the distal end 50 of the body 
member 1 4. The locking passage 72 enables a surgeon 
to insert a locking screw 71 from the lateral side of femur 
12, below the greater trochanter 2, into the passage 72 
and into the body member 1 4, thus securing the implant 
10 within the femur 12. 

[0078] Referring to FIG. 1 1 , an embodiment of the im- 
plant 10 (without head member 16) is shown as it ap- 
pears when not implanted in a femur 12. FIG. 12 illus- 
trates an embodiment of the implant 10 (without head 
member 16) overlayed on a femur 12 to illustrate how 
the implant 10 would fit within a femur 12. 
[0079] Any bio-compatible material may be employed 
for the materials of the present invention. Suitable ma- 
terials include, but are not limited to, stainless steel, ti- 
tanium and cobalt. Any bio-compatible textures or coat- 
ings that engage the bone or that promote bone in- 
growth may be utilized with the present invention. 
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[0080] FIGS. 1 4 - 20 illustrate one method of implant- 
ing the implant 1 0 in a femur 1 2. An incision can be made 
along the lateral side at the hip of the patient. The mus- 
cle surrounding the hip is then separated and the hip is 
dislocated. The natural femoral head is then removed 
by, for example, sawing the femur 1 2 such that the femur 
1 2 is left intact up to and including most or all of the fem- 
oral neck 8, as illustrated in FIG. 14. 
[0081 ] As shown in FIG. 1 5, the next step of the meth- 
od is to insert a pin, preferably a Steinmann Pin, along 
the longitudinal axis of the neck 8 of the femur 12. The 
pin is inserted from the lateral side of the femur 12 at a 
point below the greater trochanter 2 towards the head 
of the femur (which has been removed). A canal 100 is 
then reamed along the longitudinal axis of the neck 8 of 
the femur 12 to receive the body member 14 of the im- 
plant 10. 

[0082] Referring to FIG. 16, the body member 14 is 
then assembled, if necessary, and driven into the canal 
100 such that the proximal end of the body member 14 
extends through the femoral neck 8 and the distal end 
50 of the body member 1 4 is in the extramedullary area 
4 of the femur 12. Next, a canal alignment fixture 82 
(FIG. 19) is fitted to the body member 14 and aligned 
for use as a drill guide. The canal alignment fixture 82 
provides the proper neck shaft reference location for 
drilling into the medullary canal 34. A drill bit may then 
be inserted through the drill sleeve of the canal align- 
ment fixture 82 and used to drill through the proximal 
end 42 of the femur 12, through the pre-existing trans- 
verse passage 43 in the shaft 30 of the body member 
14 and into the medullary canal 34 of the femur 12. The 
drill sleeve and bit should be sized so that the rod 44 
may fit through the transverse passage 43 of the body 
member 1 4. Preferably, the drilling sleeve is sized to ac- 
cept a 9 mm reamer. 

[0083] The next step in the method is to assemble the 
rod 44, if necessary, and drive the rod 44 from the prox- 
imal end 42 of the femur 1 2, through the transverse pas- 
sage 43 of the shaft 30 of body member 14 and into the 
medullary canal 34 of the femur 12, as shown in FIG. 

17. Next, a distal drilling alignment fixture 84 is fitted to 
the proximal end of the rod 44 and aligned for use as a 
drill guide. The distal drilling alignment fixture 84 pro- 
vides alignment between the shaft 30 of the body mem- 
ber 14 and the distal end of the rod 44. A drill bit may 
then be inserted through the drill sleeve of the distal drill- 
ing alignment fixture 84 and used to drill through the fe- 
mur 12, through the pre-existing stabilizing passage 46 
in the distal end of the rod 44 and into the medial side 
of the femur 12. The drill bit should be sized so that a 
fastener, preferably a bone screw 70, may fit through 
the stabilizing passage 46 in the rod 44. 

[0084] Another step of the method, as shown in FIG. 

18, is to insert a fastener, preferably a bone screw 70, 
through the stabilizing passage 46. The bone screw 70 
secures the rod 44 and the remainder of the implant 10 
into the femur 1 2. In addition, a locking fastener, prefer- 



ably a locking screw 71 , may also be inserted into a lock- 
ing passage 72 in the body member 14. 
[0085] The above described method is modified when 
using the alternative embodiment of the implant 1 0 illus- 

5 trated in FIG. 13. As stated previously, the alternative 
embodiment of the implant 1 0 has a rod 44 that has a 
cross-sectional configuration of a tapered wedge and 
the body member 14 has a transverse passage 43 that 
can complementarity engage the tapered wedge. The 

10 use of the canal alignment fixture 82 is the same as 
above except special care should be taken to ensure 
that the drill bit does not adulterate the differently 
shaped transverse passage 43. Then, a broach is used 
to insert the rod 44. In addition, there is no need to use 

is a distal drilling alignment fixture 84 because the dual 
tapered wedge embodiment does not require the use of 
a stabilizing passage 46 and fastener. 
[0086] After implanting either embodiment of the im- 
plant 1 0, the head member 1 6 is then impacted onto the 

20 mount 26 of body member 14. If an extension in length 
or width or a change in angle is desired, a suitable em- 
bodiment of the optional sleeve 1 8 may be placed over 
the mount 26 prior to placement of the head member 1 6 
onto the body member 1 4. 

25 [0087] FIG. 19 is an exploded view of a canal align- 
ment fixture 82 and drill bit as it would be fitted to the 
body member 14. As stated previously, the canal align- 
ment fixture 82 may be used to form a transverse pas- 
sage 43. 

30 [0088] FIG. 20 illustrates a distal drilling alignment fix- 
ture 84 and drill bit as it would be fitted to the rod 44. As 
stated previously, the distal drilling alignment fixture 84 
may be used to form a stabilizing passage 46. 
[0089] FIGS. 21 and 22 illustrate an alternative meth- 

35 od of implanting the body member 1 4 of the implant 1 0 
of the present invention into the patient, which is less 
invasive than conventional methods. FIG. 21 is a cross- 
sectional view of the femur 1 2 with a passage 1 20 that 
is substantially co-axially aligned with the axis 126 of 

^0 the femoral neck 8. FIG. 22 illustrates the body member 
1 4 and head member 1 6 of the proximal femoral implant 
1 0 of the present invention, shown in FIG. 2b, implanted 
within the femur 12. 

[0090] First, an incision at the lateral side of the hip is 
45 made of a size such that a reamer or burr 128 can be 
inserted into the patient and engage the femur 1 2 at the 
lateral side thereof and along the longitudinal axis 126 
of the femoral neck 8. The size of this incision is sub- 
stantially smaller than the incision made when the hip 
so must be dislocated to sever the femoral head, as is the 
case with conventional methods of implantation. The 
reamer or burr 1 28 then reams a substantially cylindrical 
passage 120 through the femur 12 along the axis 126. 
[0091 ] Alternatively, a series of reamers or burrs 1 28 
55 can be used to achieve the desired diameter of the pas- 
sage 1 20. A first reamer reams a passage 1 20 along the 
axis 126 of the femoral neck 8, then a second reamer 
having a larger diameter than the first reamer enlarges 
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the diameter of the passage 120. The number of ream- 
ers used is dependent on the patient and the desired 
size of the passage 120. By enlarging the diameter of 
the passage incrementally, less damage is done to the 
femur 12. 

[0092] The femoral head 1 22 is then morselized using 
an instrument positioned within the passage such as a 
reamer or burr. The small pieces of the femoral head 
122 are then suctioned from the patient's hip and the 
surface of the resected femoral neck is shaped as de- 
sired. 

[0093] In the case where it is necessary to reshape 
the natural acetabular cup (not shown) to correspond 
with the shape of the head member 1 6, a reamer having 
a collapsible cutting portion can be inserted through the 
passage 120 with the reamer in its collapsed position 
and opened when the collapsible cutting portion extends 
through the passage 1 20 at the medial side of the femur 
12. The rotating cutting portion of the reamer is then 
brought into engagement with the natural acetabular 
cup to shape the cup to correspond with the shape of 
the head member 16. 

[0094] In the case where the acetabular cup needs to 
be replaced, a small incision at the medial side of the 
hip must be made to insert the acetabular cup implant. 
The acetabular cup implant can be attached to the pa- 
tient by any conventional method. 
[0095] Once the acetabular cup is prepared, the body 
member 14 of the implant 10, shown in FIG. 2b, is in- 
serted into the passage 120 using an impactor (not 
shown) such that the body member 14 is press-fitted 
within the femur 1 2 and the mount 26 is positioned such 
that it extends above the femoral neck 8. A torque lim- 
iting wrench (not shown) may then be attached to the 
tapered mount 26 of the body member 14 and an 
amount of force, corresponding to the physiologic load- 
ing levels, may be applied to verify the stability of the 
body member 14. If an incision has not already been 
made to insert an acetabular cup implant, as noted 
above, a small incision must be made at the medial side 
of the hip and the head member 1 6 must be joined with 
the body member 14 at the mount 26. 
[0096] Because the hip does not have to be dislocated 
and large incisions through muscle and tissue do not 
have to be made to implant the implant 1 0 of the present 
invention, the method of implantation of the present in- 
vention is less invasive than conventional methods. 
[0097] The implant 10 of the present invention thus 
solves many of the problems encountered by prior fem- 
oral head replacement prostheses. Those of ordinary 
skill in the art will appreciate that various changes in the 
details, methods, materials and arrangement of parts 
which have been herein described and illustrated in or- 
der to explain the nature of the invention may be made 
by the skilled artisan within the principle and scope of 
the invention as expressed in the appended claims. 
[0098] In the present specification "comprises" 
means "includes or consists of" and "comprising" means 



"including or consisting of". 

[0099] The features disclosed in the foregoing de- 
scription, or the following claims, or the accompanying 
drawings, expressed in their specific forms or in terms 
s of a means for performing the disclosed function, or a 
method or process for attaining the disclosed result, as 
appropriate, may, separately, or in any combination of 
such features, be utilised for realising the invention in 
diverse forms thereof. 

10 

Claims 

1. An implant for replacing the proximal portion of a 
15 femur having a substantially intact natural femoral 

neck, medial side, lateral side, greater trochanter 
and lesser trochanter, the implant comprising a 
body member having a longitudinal axis, a distal 
end and a proximal end and being configured for 

20 positioning, in use, in the natural femoral neck, 
wherein the body member has a transverse pas- 
sage through at least a portion of the distal end in 
a direction transverse to the longitudinal axis of the 
body member, a head member having a distal end 

25 and a proximal spherical portion configured for po- 
sitioning in a natural pr prosthetic hip socket, a join- 
ing portion positioned between the distal end of the 
head member and the proximal end of the body 
member, and a rod having a longitudinal axis, a 

30 proximal end and a distal end and being configured 
for positioning, in use, through the transverse pas- 
sage of the body member. 

2. The implant recited in Claim 1 wherein the body 
35 member is configured for positioning, in use, in the 

natural femoral neck without passage of the distal 
end through the lateral side of the femur. 

3. The implant recited in Claim 1 or 2 wherein the body 
40 member and the head member are integrally at- 
tached at the joining portion. 

4. The implant recited in any one of Claims 1 to 3 
wherein the joining portion extends outwardly from 

45 the body member at an acute angle relative to the 
longitudinal axis of the body member. 

5. The implant recited in any one of Claims 1 to 3 
wherein the joining portion extends outwardly from 

so the body member in substantial coaxial alignment 
relative to the longitudinal axis of the body member. 

6. The implant recited in Claim 1 wherein the body 
member and the head member are separable mod- 

55 ular components. 

7. The implant recited in Claim or 6 further comprising 
a collar positioned at the proximal end of the body 
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member and configured for abutting contact, in use, 
with a proximal surface of the resected femoral 
neck. 

8. The implant recited in Claim 6 or Claim 7 dependent 
thereon wherein the joining portion comprises a first 
engagement portion and a second engagement 
portion, said engagement portions being configured 
for complementary engagement with each other. 

9. The implant recited in Claim 8 wherein the first en- 
gagement portion is a recess for receiving the sec- 
ond engagement portion and the second engage- 
ment portion comprises a protrusion configured for 
insertion in the recess. 

10. The implant recited in Claim 9 wherein the protru- 
sion has an axis which, in use, is at an acute angle 
relative to the longitudinal axis of the body member. 

11. The implant recited in Claim 9 wherein the protru- 
sion has an axis which, in use, is in substantial co- 
axial alignment to the longitudinal axis of the body 
member. 

12. The implant recited in Claim 9 wherein the protru- 
sion extends from the distal end of the head mem- 
ber and the recess is within the proximal end of the 
body member. 

13. The implant recited in Claim 9 wherein the recess 
is within the distal end of the head member and the 
protrusion extends from the proximal end of the 
body member. 

14. The implant recited in Claim 9 further comprising a 
sleeve for altering the position of a spherical portion 
of the head member relative to the body member. 

15. The implant recited in Claim 14 wherein the sleeve 
is longer than the protrusion for extending the dis- 
tance between the spherical portion and the body 
member. 

16. The implant recited in Claim 14 or 15 wherein the 
sleeve has an inner surface and an outer surface 
and is mountable, in use, such that the inner surface 
slides over the protrusion and the outer surface is 
received within the recess 

17. The implant recited in Claim 16 wherein the sleeve 
defines a wall between the inner surface and the 
outer surface, the wall having non-uniform, gradual 
thickness changes such that, in use, the central axis 
of the sleeve is at an acute angle relative to the lon- 
gitudinal axis of the body member. 

18. The implant recited in any one of the preceding 



Claims further comprising a first surface coating on 
at least a portion of the body member for promoting 
bone ingrowth into the coating following implanta- 
tion. 

5 

19. The implant recited in Claim 18 further comprising 
a second surface coating on at least a portion of the 
first surface coating. 

10 20. , The implant recited in any one of the preceding 
claims further comprising a first surface coating on 
at lest a portion of the rod for promotion bone in- 
growth into the coating following implantation. 

is 21. The implant recited in Claim 20 further comprising 
a second surface coating on at least a portion of the 
first surface coating. 

22. The implant recited in any one of the preceding 
20 Claims wherein the body member is configured in 

cross-section to inhibit rotational motion of the body 
member following implantation. 

23. The implant recited in Claim 22 wherein the body 
25 member is triangular in cross-section. 

24. The implant recited in Claim 22 wherein the body 
member is fluted in cross-section. 

30 25. The implant recited in Claim 22 wherein the body 
member is scalloped in cross-section. 

26. The implant recited in any one of the preceding 
Claims wherein the distal end of the body member 

35 is closed. 

27. The implant recited in any one of the preceding 
Claims wherein the rod, in use, extends in substan- 
tially coaxial alignment relative to the longitudinal 

40 axis of the femur. 

28. The implant recited in Claim 27 wherein the rod and 
the body member are slidably and lockingly en- 
gaged. 

45 

29. The implant recited in Claim 28 wherein the locking 
engagement is a taper lock. 

30. The implant of Claim 28 or 29 wherein the rod is a 
so dual wedge in cross-section, wherein the dual 

wedge gradually tapers from the proximal end of the 
distal end, and wherein the transverse passage is 
configured to complement said dual wedge. 

55 31. The implant recited in any one of the preceding 
Claims further comprising a locking passage 
through at least a portion of the body member in a 
direction substantially coaxial to the longitudinal ax- 
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is of the body member. 

32. The implant recited in Claim 30 further comprising 
a locking screw for passage into the locking pas- 
sage. 

33. An implant for replacing the proximal portion of a 
femur having a substantially intact natural femoral 
neck, medial side, lateral side, greater trochanter 
and lesser trochanter, the implant comprising a plu- 
rality of modular components of varying sizes within 
anatomical ranges for accommodating varying pa- 
tient body dimensions, the components comprising 
a body member having a longitudinal axis, a distal 
end having a transverse passage in a direction 
transverse to the longitudinal axis of the body mem- 
ber and a locking passage in a direction substan- 
tially coaxial to the longitudinal axis of the body 
member, a proximal end having an engagement 
surface thereon, the body member being coated on 
at least a portion thereof with at least one layer of 
a material for promoting bone ingrowth and being 
configured for positioning, in use, in the natural fem- 
oral neck, a head member having a distal end and 
a proximal spherical portion configured for position- 
ing in a natural or prosthetic hip socket, the distal 
end of the head member having an engagement 
surface configured for complementary engagement 
with the engagement surface of the proximal end of 
the body member for joining the distal end of the 
head member to the proximal end of the body mem- 
ber, an optional member for optionally altering the 
position of the spherical portion of the head member 
relative the body member, and a rod having a prox- 
imal end and a distal end, wherein the rod extends 
through the transverse passage of the body mem- 
ber and is in substantially coaxial alignment relative 
to the longitudinal axis of the femur. 

34. The implant recited in Claim 33 wherein the en- 
gagement surface of the distal end of the head 
member is a recess and the engagement surface 
of the proximal end of the body member is a protru- 
sion configured for insertion into the recess. 

35. The implant recited in Claim 34 wherein the protru- 
sion has an axis which, when in engagement with 
the recess, is at an acute angle relative to the lon- 
gitudinal axis of the body member. 

36. The implant recited in Claim 34 wherein the protru- 
sion has an axis which, when in engagement with 
the recess, is in substantial coaxial alignment to the 
longitudinal axis of the body member. 

37. The implant recited in Claim 34 wherein the optional 
member for optionally altering the position of the 
spherical portion of the head member relative to the 



body member is a sleeve having an inner surface 
and an outer surface and being mountable, in use, 
such that the inner surface slides over the protru- 
sion and the outer surface is received within the re- 
5 cess. 

38. The implant recited in Claim 37 wherein the sleeve 
is longer than the protrusion for extending the dis- 
tance between the spherical member and the body 

10 member. 

39. The implant recited in Claim 38 wherein the sleeve 
defines a wall between the inner surface and the 
outer surface, the wall having non-uniform, gradual 

is thickness changes such that, in use, the central axis 
of the sleeve is at an acute angle relative to the lon- 
gitudinal axis of the body member. 

40. The implant recited in any one of Claims 33 to 39 
20 wherein the engagement surface of the distal end 

of the head member is a protrusion and the engage- 
ment surface of the proximal end of the body mem- 
ber is a recess configured for receiving the protru- 
sion. 

25 

41. The implant recited in Claim 40 wherein the protru- 
sion has an axis which, when in engagement with 
the recess, is at an acute angle relative to the lon- 
gitudinal axis of the body member 

30 

42. The implant recited in Claim 40 wherein the protru- 
sion has an axis which, when in engagement with 
the recess, is in substantial coaxial alignment to the 
longitudinal axis of the body member. 

35 

43. The implant recited in any one of Claims 33 to 42 
wherein the rod is a dual wedge in cross-section, 
wherein the dual wedge gradually tapers from the 
proximal end to the distal end, and wherein the first 

*o passage is configured to complement said dual 
wedge. 



45 



50 



55 



11 



EP 1 240 879 A2 




12 



EP 1 240 879 A2 




13 



EP 1 240 879 A2 



O 




14 



EP 1 240 879 A2 




15 



EP 1 240 879 A2 




16 



EP 1 240 879 A2 




17 



EP 1 240 879 A2 




18 



EP 1 240 879 A2 




19 



EP 1 240 879 A2 




20 



EP 1 240 879 A2 




21 



EP 1 240 879 A2 




22 



EP 1 240 879 A2 



42 



72- 
71 



34 



70 



*8 



r 



43 
5 



-44 



12 



FIG. 18 



46 



23 



EP 1 240 879 A2 




24 



EP 1 240 879 A2 




25 



EP 1 240 879 A2 




EP 1 240 879 A2 




FIG. 22 



27 



